Mechanism of specific target recognition and RNA hydrolysis by ribonucleolytic toxin restrictocin.
Restrictocin, a member of the fungal ribotoxin family, specifically cleaves a single phosphodiester bond in the 28S rRNA and potently inhibits eukaryotic protein synthesis. Residues Tyr47, His49, Glu95, Phe96, Pro97, Arg120, and His136 have been predicted to form the active site of restrictocin. In this study, we have individually mutated these amino acids to alanine to probe their role in restrictocin structure and function. The role of Tyr47, His49, Arg120, and His136 was further investigated by making additional mutants. Mutating Arg120 or His136 to alanine or the other amino acids rendered the toxin completely inactive, whereas mutating Glu95 to alanine only partially inactivated the toxin. Mutation of Phe96 and Pro97 to Ala had no effect on the activity of restrictocin. The Tyr47 to alanine mutant was inactive in inhibiting protein synthesis, and had a nonspecific ribonuclease activity on 28S rRNA similar to that shown previously for the His49 to Ala mutant. Unlike the His136 to Ala mutant, the double mutants containing Tyr47 or His49 mutated to alanine along with His136 did not compete with restrictocin to cause a significant reduction in the extent of cleavage of 28S rRNA. In a model of restrictocin and a 29-mer RNA substrate complex, residues Tyr47, His49, Glu95, Arg120, and His136 were found to be near the cleavage site on RNA. It is proposed that in restrictocin Glu95 and His136 are directly involved in catalysis, Arg120 is involved in the stabilization of the enzyme-substrate complex, Tyr47 provides structural stability to the active site, and His49 determines the substrate specificity.